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Arabidopsis DeoxyHypusine Synthase 
(DHS) Predicted Sequence 

GMCTCCCAAMCCCTCTACTACTACACTTTCAGATCCM6GAMTCMTTTTGTCATTCGAGCAACATGG 

M 

AGGATGATCGTGTTTTCTCTTCGGTTCACTCMCAGTTTTCAAAGAATCCGAATCATTGGAAGGAAAGTGT 
EDDRVFSSVHSTV FKESESLEGKC 
GATAAAATCGAAGGATACGATTTCAATCAAGGAGTAGATTACCCAAAGCTTATGCGATCCATGCTCACCAC 
DKI EGYDFNQGVDYPKLMRSMLTT 
CGGATTTCMGCCTCGMTCTCGGCGMGCTATTGATGTCGTCMTCAAATGGTTCGTTTCTCGAATTCAT 

GFQASNLGEAIDVVNQM 
CAAAMTAAAMTTCCTTCTTmGTmCCmGTmGGGTGMTTAGTAATGACAAAGAGTTTGAATT 

F E F 

TGTATTGAAGCTAGATTGGAGACTGGCTGATGAAACTACAGTAGCTGAAGACTGTAGTGAAGAGGAGAAGA 

VLKLDWRLADETTVAEDCSEEEK 
ATCCATCGTTTAGAGAGTCTGTCMGTGTAAMTCTTTCTAGGTTTCACTTCAMTCTTGTTTCATCTGGT 
NPSFRESVKCKIFLGF TSNLVSSG 
GTTAGAGATACTATTCGTTATCTTGTTCAGCATCATATGGTTTGTGATTTTTGCTTTATCACCCTGCTTTT 

VR DTIR YLVQHH M 
mTAGATGTTAAMTTTTCGAGCmAGTmGAmCMTGGTTmCTGCAGGTTGATGTTATAGTCA 

V D V I V 

CGACAACTGGTGGTGTTGAGGAAGATCTCATAAAATGCCTTGCACCTACATTTAAAGGTGATTTCTCTCTA 
TTTGGVEEDLIKCLAPTFKGDFSL 
CCTGGAGCTTATTTMGGTCAMGGGATTGAACCGAATTGGGAATTTGCTGGTTCCTAATGATAACTACTG 
PGAYLRSKGLNRIGNLLVPNDNYC 
CMGTTTGAGGATTGGATCATTCCCATCTTTGACGAGATGTTGAAGGAACAGAAAGAAGAGGTATTGCTTT 

K- F ED W IIPIFDEMLKE Q K E E 
ATCTTTCCTTTTTATATGATTTGAGATGATTCTGTTTGTGCGTCACTAGTGGAGATAGATTTTGATTCCTC 
TCTTGCATCATTGACTTCGTTGGTGMTCCTTCTTTCTCTGGTTTTTCCTTGTAGAATGTGTTGTGGACTC 

N V L W T 

CTTCTAAACTGTTAGCACGGCTGGGAAAAGAAATCAACAATGAGAGTTCATACCTTTATTGGGCATACAAG 
PSKLLARLGKEI NNESSYLYWAYK 
GTATCCAAAATTTTAACCTTTTTAGI I 1 1 1 I AATCATCCTGTGAGGAACTCGGGGATTTAAATTTTCCGCT 
TCTTGTGGTGTTTGTAGATGAATATTCCAGTATTCTGCCCAGGGTTAACAGATGGCTCTCTTGGGGATATG 

MNI PVFCPGLTDGSLGDM 
CTGTATTTTCACTCTTTTCGTACCTCTGGCCTCATCATCGATGTAGTACMGGTACTTCTTTTACTCAATA 

LYF HSFRTSGL I IDVVQ 
AGTCAGTGTGATAAATATTCCTGCTACATCTAGTGCAGGAATATTGTAACTAGTAGTGCATTGTAGCTTTT 
CCAATTCAGCAACGGACTTTACTGTAAGTTGATATCTAAAGGTTCAAACGGGAGCTAGGAGAATAGCATAG 
GGGCATTCTGATTTAGGTTTGGGGCACTGGGTTMGAGTTAGAGMTMTMTCTTGTTAGTTGTTTATCA 
MCTCTTTGATGGTTAGTCTCTTGGTMTTTGMTTTTATCACAGTGTTTATGGTCTTTGAACCAGTTAAT 
GTTTTATGAACAGATATCAGAGCTATGAACGGCGAAGCTGTCCATGCAAATCCTAAAAAGACAGGGATGAT 
D.I RAMNGEAVHAN PKKTGM I 
AATCCTTGGAGGGGGCTTGCCAAAGCACCACATATGTAATGCCAATATGATGCGCAATGGTGCAGATTACG 

ILGGGLPKHHICNANMMRNGADY 
CTGTATTTATAAACACCGGGCAAGAATTTGATGGGAGCGACTCGGGTGCACGCCCTGATGAAGCCGTGTCT 
AVFINTGQEFDGSDS GARPDEAVS 
TGGGGTAAMTTAGGGGTTCTGCTAAMCCGTTMGGTCTGCTTTTTMTTTCTTCACATCCTAATTTATA 

W G K I R G S AKTVKVCFLISSHPNLY 
TCTCACTCAGTGGTTTTGAGTACATATTTAATATTGGATCATTCTTGCAGGTATACTGTGATGCTACCATA 
L T Q W F 

GCCTTCCCATTGTTGGTTGCAGAAACATTTGCCACAAAGAGAGACCAAACCTGTGAGTCTAAGACTTAAGA 
ACTGACTGGTCGTTTTGGCCATGGATTCTTAMGATCGTTGCTTTTTGATTTTACACTGGAGTGACCATAT 
MCACTCCACATTGATGTGGCTGTGACGCGMTTGTCTTCTTGCGMTTGTACTTTAGTTTCTCTCAACCT 
AAMTGATTTGCAGATTGTGTTTTCGTTTAAMCACMGAGTCTTGTAGTCMTMTCCTTTGCCTTATAA 
AATTATTCAGTTCCAACAACACATTGTGATTCTGTGACAAGTCTCCCGTTGCCTATGTTCACTTCTCTGCG 



FIG.2A 
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FIG. 5 
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Northern analysis of DHS on 
tomato flowers 

Blossom 
and 

Bud Senescence 



RNA 



Northern 




FIG. 6 
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NORTHERN ANALYSIS OF DHS 
ON DEVELOPMENTAL STAGES OF 
TOMATO FRUIT 

RIPE 

BREAKER PINK (RED) 



NORTHERN 
BLOT 




FIG. 7 
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Northern Analysis of DHS - 2M 
Sorbitol treated Tomato Leaves 

Treated Treated 

with with 

Before water sorbitol 

treatment for 6 hr for 6 hr 




feu»~c^ fc23£=3£d 



Northern 




FIG. 8 
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NORTHERN ANALYSIS OF DHS 
TOMATO LEAF CHILLING EFFECTS 



CHILLING 3 DAYS, 
REWARM 1 DAY, 
BEFORE CHILLING 2 DAYS CHILLING 2 DAYS CHILLING 6 DAYS 
CHILLING REWARMING (hr) REWARMING (hr) REWARMING (hr) 

0 6 24 0 6 24 0 6 24 



RNA 



eH*t tart ^Sat 

* • * fe*s<t ftm* 



* < I 



Northern 



FIG.9A 




FIG.9B 
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Canation DHS cDNA Sequence 

GTCAT TACAAT GCATAGGATCATTGCACAT6CTACCTTCCTCATT6CACTTGAGCTT6CCATA 
CTT TTGTTT TTGACG TTTGA TAATAATACTATGAAAATATTATG I I I I I I CTTTTGTGTGTTG 
GTGTTmGMGTTGTTmGATMGCAGMCCCAGTTGTmACACTmACCATTGAACTA 
CTGCMTTCTAAMCTTTGTTTACATTTTMTTCCATCAMGATTGAGTTCAGCATAGGAAAA 
AGGATGGAGGATGCTAATCATGATAGTGTGGCATCTGCGCACTCTGCAGCATTCAAAAAGTCG 

MEDANHDSVASAHSAAFKKS 
GAGMTTTAGAGGGGAAMGCGTTMGATTGAGGGTTATGATTTTAATCAAGGTGTAAACTAT 

ENLEGKSVKIEGYDFNQGVNY 
TCCAMCTCTTGCMTCTTTCGCTTCTMTGGGTTTCAAGCCTCGAATCTTGGAGATGCCATT 

SKLLQSFASNGFQASNLGDAI 
GAAGTAGTTAATCATATGCTAGATTGGAGTCTGGCAGATGAGGCACCTGTGGACGATTGTAGC 

EVVNHML DWSLADEAPVD DCS 
GAGGAAGAGAGGGATCCTAAATTCAGAGAATCTGTGAAGTGCAAAGTGTTCTTGGGCTTTACT 

EEERDPKFRESVKC KVFLGFT 
TCAMTCTTATTTCCTCTGGTGTTCGTGACACAATTCGGTATCTCGTGCAACATCATATGGTT 

SNLISSGV R DT IRYLVQHHMV 
GACGTGATAGTAACGACAACCGGAGGTATAGAAGAAGATCTAATAAAAGGAAGATCCATCAAG 

DVIVTTTGGIEEDLIKGR SIK 
TGCCTTGCACCCACTTTCAMGGCGATTTTGCCTTACCAGGAGCTCAATTACGCTCCAAAGGG 

CLAPTFKGDFALPGAQLRSKG 
TTGMTCGMTTGGTMTCTGTTGGTTCCGAATGATAACTACTGTAAATTTGAGGATTGGATC 

LNR I GNL LVPNDNY CKFEDW I 
ATTCCMTTTTAGATMGATGTTGGAAGAGCAAATTTCAGAGAAAATCTTATGGACACCATCG 

I P I L DKMLEEQ ISEK I L WTPS 
MGTTGATTGGTCGATTAGGMGAGAAATAAACGATGAGAGTTCATACCTTTACTGGGCCTTC 

KLIGRLGREINDESSYLYWAF 
MGMCAATATTCCAGTATTTTGCCCAGGTTTAACAGACGGCTCACTCGGAGACATGCTATAT 

KNN I PV F C PGLTDGS LGDM LY 
TTTCATTCTTTTCGCMTCCGGGTTTAATCGTCGATGTTGTGCAAGATATAAGAGCAGTAAAT 

FHSFRNPGL IVDVVQD I RA VN 
GGCGAGGCTGTGCACGCAGCGCCTAGGAAAACAGGCATGATTATACTCGGTGGAGGGTTGCCT 

GEAVHAAPRKTGMI I LGGGLP 
AAGCACCACATCTGCAACGCAAACATGATGAGAAATGGCGCCGATTATGCTGTTTTCATCAAC 

KHHICNANMMRNGADYAVFIN 
ACTGCCGMGAGTTTGACGGCAGTGATTCTGGTGCTCGCCCCGATGAGGCTATTTCATGGGGC 

TAEEF DGSDSGAR PDEAISWG 
AAAATTAGCGGATCTGCTAAGACTGTGAAGGTGCATTGTGATGCCACGATAGCTTTCCCTCTA 

KISGSAKTVKVHCDATIAFPL 
CTAGTCGCTGAGACATTTGCAGCAAAAAGAGAAAMGAGAGGMGAGCTGTTAAMCTTTTTT 

LVAETFAAKREKERKSC 
GATTGTTGAAAAATCTGTGTTATACMGTCTCGAMTGCATTTTAGTAATTGACTTGATCTTA 
TCATTTCMTGTGTTATCTTTGAAAATGTTGGTAATGAAACATCTCACCTCTTCTATACAACA 
TTGTTGATCCATTGTACTCCGTATCTTGTMTTTTGGAAAAAAAAAACCGTCTATTGTTACGA 
GAGAGTACATTTTTGAGGTAAAMTATAGGATTTTTGTGCGATGCAAATGCTGGTTATTCCCT 
TGAAAAAAAAAAAAAAAAAAAA 

(1384 bps, not include Poly A tail and 5 'end nocoding region. 
373 Amino Acid.) 

FIG. 10 
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Northern Analysis of WT AT Aging Leaves 



Week 
Northern Blot 

RNA Gel 




FIG.1 1 
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FIG. 12 
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Tomato eif5A 

AAAGAATCCTAGAGAGAGAAAGGGAATCCTAGAGAGAGAAGCATGTCGGACGAAGAACAC 

M S D E E H 

cattttgagtcaaaggcagatgctggtgcctcaaaaactttcccacagcaagctggaacc 

h feskadagasktfpqqagt 

atccgtaagaatggttacatcgttatcaaaggccgtccctgcaaggttgttgaggtctcc 

irkngyivikgrpckvvevs 

acttcaaamctggaamcacggacatgctamtgtcactttgtggcmttgacattttc 

tsktgkhghakchfvaidif 

aatggaaagaaactggaagatatcgttccgtcctcccacaattgtgatgtgccacatgtt 

ngkkle divpssh ncdvphv 

aaccgtaccgactatcagctgattgatatctctgaagatggttttgtctcacttcttact 

nrtdy qlidisedgfvsllt 

gaaagtggaaacaccaaggatgacctcaggcttcccaccgatgaaaatctgctgaagcag 

esgntkddlrlptdenllkq 

gttaaagatgggttccaggaaggaaaggatcttgtggtgtctgttatgtctgcgatgggc 

vkdgfqegkd lvvsvms amg 

gaagagcagattaacgccgttaaggatgttggtaccaagaa™gttatgtcatggcagc 

eeq inavkdvgtkn 

ataatcactgccaaagctttaagacattatcatatcctaatgtggtactttgatatcact 

agattataaactgtgttatttgcactgttcaaaacaaaagaaagaaaactgctgttatgg 

ctagagamgtattggctttgagcttttgacagcacagttgaactatgtgaaaattctac 

ttttttttttttgggtaamtactgctcgtttmtgttttgcaaaaaaaaaaaaaaaaaa 

764 bps, not: including Poly (A) tail; 160 amino acids 



FIG. 13 
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Carnation- F5A 

CTCTTTTACATCAATCGAAAAAAAATTAGGGTTCTTATTTTAGAGTGAGA 

GGCGAAAAATCGAACGATGTCGGACGACGATCACCATTTCGAGTCATCGG 
MSDDDHHFESSA 
CCGACGCCGGAGCATCCAAGACTTACCCTCAACAAGCTGGTACMTCCGC 

DAGAS K TY PQQAGT I R 
AAGAGCGGTCACATCGTCATCAAAAATCGcCCtTGCAAGGtGGTTGAGGT 
KSGHIVIKNRPCKVVEV 
TTCTACCTCCAAGACTGGCAAGCACGGTCATGCCAAATGTCACTTTGTTG 

STSKTGKHGHAKCHFVA 
CCATTGACATTTTCAACGGCAAGAAGCTGGAAGATATTGTCCCCTCATCC 

I D I FNGKKLEDIVPSS 
CACAATTGTGATGTTCCACATGTCAACCGTGTCGACTACCAGCTGCTTGA 
HNCDVPHVNRVDYQLLD 
TATCACTGAAGATGGCTTTCTTAGTCTGCTGACTGACAGTGGTGACACCA 

ITEDGFVSLLTDSGDTK 
AGGATGATCTGAAGCTTCCTGCTGATGAGGCCCTTGTGAAGCAGATGAAG 

DDLKLPADEALVKQMK 
GAGGGATTTGAGGCGGGGAAAGACTTGATTCTGTCAGTGATGTGTGCAAT 
EGFEAGKDLILSVMCAM 
GGGAGAAGAGCAGATCTGCGCCGTCAAGGACGTTAGTGGTGGCAAGTAGA 

G EEQ I C AVKDVSGGK 
AGCTTTTGATGAATCCAATACTACGCGGTGCAGTTGAAGCAATAGTAATC 
TCGAGAACATTCTGAACCTTATATGTTGAATTGATGGTGCTTAGTTTGTT 
TTGGAAATCTCTTTGCAATTAAGTTGTACCAAATCAATGGATGTAATGTC 
TTGAATTTGTTTTATTTTTGTTTTGATGTTTGCTGtGATTGCATTATGCA 
TTGTTATGAGTTATGACCTGTTATAACACAAGGTTTTGGTAAAAAAAAAA 
AAAAAAAAAAAA 

790 bps, 160 amino acids 



FIG. 14 
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Arabidopsis F5A 

CTGTTACCAAAAAATCTGTACCGCAAAATCCTCGTCGAAGCTCGCTGCT6CAACCAT6TC 

M S 

CGACGAGGAGCATCACTTTGAGTCCAGTGACGCCGGAGCGTCCAAAACCTACCCTCAACA 

DEEHHFESSDAGASKTYPQQ 
AGCTGGAACCATCCGTAAGAATGGTTACATCGTCATCAAAAATCGTCCCTGCAAGGTTGT 

AGTI RKNG Y I V I KNRPCKVV 
TGAGGTTTCAACCTCGAAGACTGGCAAGCATGGTCATGCTAAATGTCATTTTGTAGCTAT 

EVSTSKTGKHG HAKCHFVAI 
TGATATCTTCACCAGCAAGAAACTCGAAGATATTGTTCCTTCTTCCCACAATTGTGATGT 

D I FTSKK LEDIVPSSHNCD V 
TCCTCATGTCAACCGTACTGATTATCAGCTGATTGACATTTCTGAAGATGGATATGTCAG 

PHVNRTDYQLIDISE DGYVS 
TTTGTTGACTGATAACGGTAGTACCAAGGATGACCTTAAGCTCCCTAATGATGACACTCT. 

LLTDNGSTKDDLKLPNDDTL 
GCTCCAACAGATCAAGAGTGGGTTTGATGATGGAAAAGATCTAGTGGTGAGTGTAATGTC 

LQQI KSGFDDGKDLVVSVMS 
AGCTATGGGAGAGGAAGAGATCAATGCTCTTAAGGACATCGGTCCCAAGIGAGACTAACA 

AMGEEQINALKDIGPK 
AAGCCTCCCCTTTGTTATGAGATTCTTCTTCTTCTGTAGGCTTCCATTACTCGTCGGAGA 
TTATCTTGTTTTTGGGTTACTCCTATTTTGGATATTTAAACTTTTGTTAATAATGCCATC 
TTCTTCAACCTTTTCCTTCTAGATGGTTTTTATACTTCTTCT 

754 bps, not including Poly(A) tail; 158 amino acids 



FIG. 15 
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Northern Analysis of WT AT DHS and F5A 
Aging Leaves 



Week 
Northern Blot 

RNA Gel 




FIG. 16 
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Northern Analysis of Ripening Tomato Fruit 



BK RF RS 




FIG. 17 
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FIG. 18 
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Northern Analysis of Tomato Flowers 

Open & 
Flower senescing 
Buds flowers 




FIG. 19 
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Northern Analysis of chill-injured tomato leaves 

Chilling (5°C) treated 6 days 
Before rewarming (hr) 
chilling 0 6 24 



DHS 
F5A 

RNA 




FIG. 20 
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Arabidopsis 3' -end DHS for ant i sense 
Nucleotide and derived amino acid sequence 

TGCACGCCCTGATGMGCTGTGTCTTGGGGTAAMTTAGGGGTTCTGCTAAMCCGTTMGGTCTGCTTTT 
ARPDE AVSWG KIRGSAKTVKVCF 

TMTTTCTTCACATCCTMTTTATATCTCA^ 

LI SSHPNLYLTQ W F 

GCAGGTATACTGTGATGCTACCATAGCCTTCCCATTGTTGGTTGCAGAAACATTTGCCACAAAGAGAGACC 
AMCCTGTGAGTCTMGACTTMGMCTGACTGGTCGTTTTGGCCATGGATTCTTAMGATCGTTGCTTTT 
TGATTTTACACTGGAGTGACCATATMCACTCCACATTGATGTGGCTGTGACGCGMTTGTCTTCTTGCGA 
ATTGTACmAGmCTCTCMCCTAAMTGAmGCAGATTGTGTmCGmAAAACACMGAGTCTTG 
TAGTGMTMTCCTTTGCCTTATAAAATTATTCAGTTCCAACAAAAAAAAAAAAAAAA 



Nucleotide sequence 

TGCACGCCCTGATGMGCTGTGTCTTGGGGTAAM7TAGGGGTTCTGCTAAMCCGTTMGGTCTGCTTTT 
TMmCTTCACATCCTMTTTATATCTCACTCAGTGGTmGAGTACATAmMTATTGGATCAmTT 
GCAGGTATACTGTGATGCTACCATAGCCTTCCCATTGTTGGTTGCAGAAACATTTGCCACAAAGAGAGAGC 
AMCCTGTGAGTCTMGACTTMGMCTGACTGGTCGTTTTGGCCATGGATTCTTAAAGATCGTTGCTTTT 
TGATTTTACACTGGAGTGACCATATMCACTCCACATTGATGTGGCTGTGACGCGMTTGTCTTCTTGCGA 
ATTGTACmAGmCTCTCMCCTAAMTGAmGCAGATTGTGTmCGmAAAACACAAGAGTCTTG 
TAGTCMTMTCCTTTGCCTTATAAMTTATTCAGTTCCAACAAAAAAAAAAAAAAAA 

ARPDEAVSWGKIRGSAKTVKVCFLISSHPNLYLTQWF 



FIG. 36 
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600 bp Arabidopsis Deoxyhypusine Synthase Probe 
Primerl (underlined) 

GGTGGTGTTGAGGMGATCT CATAAAATfiCrXTfir.A^ 

TTATTTAAG 

GGVEEDLIKCLAPTFKGDFSLPGA 

Y L R 

GTCAMGGGATTGMCCGMTTGGGMTTTGCTGGTTCCTMTGATMCTACTGCMGTTTGAGGATTGGA 

TCATTCCCA 

SKGLNRIGNLLVP NDNYCKFEDWI 

IP 

TCTTTGACGAGATGTTGMGGMCAGAMGMGAGMTGTGTTGTGGACTCCTTCTAAACTGTTAGCACGG 

CTGGGAAAA 

I FDEMLKEQKEENVLWT PSKLLAR 

L G K 

GAMTCMCMTGAGAGTTCATACCTTTATTGGGCATACAAGATGAATATTCCAGTATTCTGCCCAGGGTT 

AACAGATGG 

EINNESSYLYWAYKMNIPVFCFGL 

T D G 

CTCTCTTAGGGATATGCTGTATTTTCACTCTTTTCGTACCTCTGGCCTCATCATCGATGTAGTACAAGATA 

TCAGAGCTA 



S LRDM LY FHS FRTSG L I IDVVQDI 

R A 

TGAACGGCGAAGCTGTCCATGCAAATCCTAAAAAGACAGGGATGATAATCCTTGGAGGGGGCTTGCCAAAG 

CACCACATA 

MNGEAVHANPKKTGMI I LGGGLPK 

H H I 

TGTMTGCCMTATGATGCGCMTGGTGCAGATTACGCTGTATTTATAAACACCGGGCAAGAATTTGATGG 

GAGCGACTC 

CNANMMRNGADYAVFINTGQEFDG 

S D S 
GGGTGCACGCCCTGATGAAGC 
G A R P D E 
Primer 2 (underlined) 



FIG. 38 
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483 bp Carnation Deoxyhypusine Synthase Probe 

GMGATCCATCMGTGCCTTGCACCCACTTTCAMGGCGATTTTGCCTTACCAGGAGCTCAATTACGCTCC 

AAAGGGT 

RRSIKCLAPTFKGDFALPGAQLRS 

KG 

TGMTCGMTTGGTMTCTGTTGGTTCCGMTGATMCTACTGTAMTTTGAGGATTGGATCATTCCAATT 

TTAGATA 

LNRIGNLLVPNDNYCKFED WI IPI 

L D 

AGATGTTGGMGAGCAMTTTCAGAGAAMTCTTATGGACACCATCGMGTTGATTGGTCGATTAGGAAGA 

GAAATAA 

KMLEEQISEKILWTPSKLIGRLGR 

E I 

ACGATGAGAGTTCATACCTTTACTGGGCCTTCMGMCMTATTCCAGTATTTTGCCCAGGTTTAACAGAC 

GGCTCAC 

NDESSYLYWAFKNNI PVFCPGLTD 

G S 

TCGGAGACATGCTATATmCATTCTmCGCMTCCGGGmMTCATCGATGTTGTGCMGATATAAGA 

GCAGTAA 

LGDMLYFHS FR NPGLI IDVVQDIR 

A V 

ATGGCGAGGCTGTGCACGCAGCGCCTAGGAAAACAGGCATGATTATACTCGGTGGAGGGTTGCCTAAGCAC 

CACATCT 

NGEAV HAAPRKTGMI ILGGG LPKH 

H I 

GCMCGCAAACATGATGAGAAATGGCGCCGATTATGCTGTTTTCATCAACACCG 
C. NANMMRNGADYAVFI NT 

A full -length cDNA clone was obtained by screening a carnation 
senescing petal cDNA library with this probe. 
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